The problem of photogeneration and its theoretical description are discussed. %'e show that some of the approaches commonly used fail in describing correctly the effect of carrier-carrier interaction in the low-density limit. By including terms which have the structure of "in-scattering" terms (vertex corrections) for the interband polarization, the experimentally observed features in the carrier dynamics are well described in the whole density range.
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The study of the ultrafast dynamics of optically excited carriers in semiconductors provides valuable information on the role of the various interaction mechanisms for the thermalization and relaxation process [1 -10] . By varying the carrier density, the relative weight of the different scattering mechanisms also changes: At high densities carrier-carrier scattering leads to an extremely fast broadening of the distribution function and no particular structures are observed [2 -4] ; at low densities the interaction with optical phonons is the dominant mechanism leading to the formation of phonon replicas in the carrier distribution function [5, 6] . In the latter case, for excitation below the threshold for optical phonon emission very long thermalization times have been observed [7] . [14] , plasmon-phonon coupling [15, 16] , and the static or dynamic treatment of screening [3,4, 17 -20] .
On the semiclassical level the coherence of the light field and the resulting coherent polarization in the carrier system is completely neglected. As shown in many experiments, this coherence can be directly measured, e. g. , by means of four-wave-mixing experiments [21 -24] or by studying the coherent emission of submillimeter radiation [25, 26] [27, 29, 31, 32] . Here, in addition to the distribution functions of electrons and holes, the interband polarization pk is considered as an independent variable. In this formulation, the generation process is a taro-step process: First, the light Geld creates a polarization, and second, carriers are generated due to the coupling between the light field and the polarization. This approach leads directly to the correct spectral and temporal dependence of the generation rate [29] . [17, 29] . In order to simplify the calculations, the k dependence is often neglected resulting in a dephasing time Tz --I' [24, 33] .
As is well known and will be discussed in detail below, [29] , and (iii) all second-order contributions which involve second or higher powers of the polarization (" polarization scattering") are neglected [35, 36) . In Fig. 1 the electron distribution at t = 100 I's is plotted as a function of energy for difFerent densities. In the Boltzmann case [ Fig. 1(a) the cancellation of two effects: With decreasing density the number of scattering partners for carrier-carrier scattering decreases; however, due to the decreasing screening wave vector, the interaction extends over a larger volume. Therefore, the total scattering rate remains approximately constant, but the scattering angle and the energy exchange in a scattering process decrease This.
latter effect does not influence I'g, however, it strongly infiuences the in-scattering contribution in Eq. (2) as shown in Fig. 1(c) . The broadening in the low-density limit is strongly reduced and we recover the phonon replicas as observed in the Boltzmann case. In the high-density limit it turns out that the distribution function is nearly unchanged with respect to case (b In conclusion, we have discussed the strong limitations of the conventional theoretical approaches used in describing the ultrafast dynamics of photogenerated carriers in subpicosecond energy-relaxation experiments. In particular, we have shown the inadequacy of the phenomenological electron-hole dephasing models in describing the role of carrier-carrier interaction in the lowdensity limit. We have then demonstrated how this pathological situation can be completely removed using a formulation of the problem in which the incoherent scattering processes are treated at the same microscopic level both for the distribution functions and for the interband polarization. In this case, the results exhibit the typical features of the carrier dynamics at low densities, i.e. , the formation of phonon replicas, as well as at high densities, i.e. , a large initial energy broadening.
